Abstract: Cortico-striato-thalamo-cortical (CSTC) loops project from the cortex to the striatum, then from the striatum to the thalamus via the globus pallidus, and finally from the thalamus back to the cortex again. These loops have been implicated in Obsessive-Compulsive Disorder (OCD) with particular focus on the limbic CSTC loop, which encompasses the orbitofrontal and anterior cingulate cortices, as well as the ventral striatum. Resting state functional-connectivity MRI (rs-fcMRI) studies, which examine temporal correlations in neural activity across brain regions at rest, have examined CSTC loop connectivity in patients with OCD and suggest hyperconnectivity within these loops in medicated adults with OCD. We used rs-fcMRI to examine functional connectivity within CSTC loops in unmedicated adults with OCD (n 5 23) versus healthy controls (HCs) (n 5 20). Contrary to prior rs-fcMRI studies in OCD patients on medications that report hyperconnectivity in the limbic CSTC loop, we found that compared with HCs, unmedicated OCD participants had reduced connectivity within the limbic CSTC loop. Exploratory analyses revealed that reduced connectivity within the limbic CSTC loop correlated with OCD symptom severity in the OCD group. Our finding of limbic loop hypoconnectivity in unmedicted OCD patients highlights the potential confounding effects of antidepressants on connectivity measures and the value of future examinations of the effects of pharmacological and/or behavioral treatments on limbic CSTC loop connectivity. Hum Brain Mapp 35:2852-2860,
INTRODUCTION
Obsessive-compulsive disorder (OCD) has a lifetime prevalence of 2%-3% [Robins et al., 1984; Kessler et al., 2005] , is characterized by intrusive and repetitive thoughts or behaviors and is associated with significant occupational and social impairment [Koran et al., 1996; Huppert et al., 2009] . Animal and human studies suggest that OCD symptoms might be due in part to dysfunction in corticostriato-thalamo-cortical (CSTC) loops [Graybiel and Rauch, 2000; Maia et al., 2008] . Neuroimaging studies of OCD have focused largely on the function, size/shape, and metabolic content of the brain regions that comprise the CSTC loops [Atmaca et al., 2007a,b; Baxter et al., 1992; Maia et al., 2008; Rosenberg et al., 2004] ; less is known about the connectivity between these brain regions. Given that the CSTC loops function as integrated neural circuits, assessment of abnormalities in the connectivity between the brain regions that comprise CSTC loops is necessary.
The CSTC loops project from the cortex to the striatum, then from the striatum to the thalamus via the globus pallidus, and finally from the thalamus back to the cortex [Alexander and Crutcher, 1990; Alexander et al., 1986; Maia et al., 2008] . There are several CSTC loops that involve different cortical regions and run in parallel through the basal ganglia and thalamus. Each of these loops is thought to be involved in a different neurocognitive domain. Although the precise number of parallel loops is subject to debate [Middleton and Strick, 2001 ], a common subdivision is into three main loops: sensorimotor, associative (or cognitive), and limbic (or affective/ motivational), involving the sensorimotor cortices, dorsolateral prefrontal cortex, and orbitofrontal and anterior cingulate cortices (OFC and ACC), respectively [Di Martino et al., 2008; Leh ericy et al., 2004; Yin and Knowlton, 2006] . Multiple lines of evidence, including studies of nonhuman primates, suggest that OCD involves functional and anatomical abnormalities in the limbic CSTC loop, including the OFC, ACC, and ventral striatrum (a portion of the striatum that receives projections from the OFC and ACC) [Alexander et al., 1986; Haber, 2003] . These structures are hyperactive at rest in patients with OCD relative to healthy controls (HCs); this hyperactivity increases with symptom provocation and decreases following successful treatment [Maia et al., 2008; Saxena and Rauch, 2000] . Volumetric and gray-matter-density abnormalities have also been reported in these structures in patients with OCD [Maia et al., 2008; Radua et al., 2010] .
Resting state functional-connectivity MRI (rs-fcMRI) studies, which examine temporal correlations in neural activity across brain regions at rest [Fox and Raichle, 2007; Posner et al., in press] , have examined CSTC loop connectivity in adults and children with OCD [Fitzgerald et al., 2011; Harrison et al., 2009 Harrison et al., , 2012 . These studies indicate that OCD is associated with increased functional connectivity in several CSTC loops including connectivity between the ventral striatum (which encompasses the nucleus accumbens) and the OFC [Harrison et al., 2009 [Harrison et al., , 2012 , and between the dorsal striatrum and the ventral medial frontal cortex [Fitzgerald et al., 2011] . Although the striatal regions implicated across these studies differ, the finding of corticostriatal hyperconnectivity in OCD is consistent with the aforementioned evidence implicating abnormalities in CSTC loops in OCD, and in particular the limbic loop, involving the OFC, ACC, and ventral striatum.
Unlike adults, children with OCD demonstrate reduced connectivity in the CSTC loops with hypoconnectivity noted between the dorsal caudate and the rostral ACC, and between the thalamus and the dorsal ACC [Fitzgerald et al., 2011] . The divergent finding of CSTC loop hypo-vs. hyper-connectivity in children vs. adults with OCD, respectively, suggests at least two potential hypotheses: First, the pathophysiology of OCD, at least in terms of CSTC loop connectivity, may be developmentally specific with different patterns of altered connectivity in children vs. adults with OCD. Alternatively, medication exposure may have an important confounding effect. That is, whereas studies of CSTC loop connectivity in adults with OCD have relied on samples in which most of the participants were medicated at the time of MRI scanning [Fitzgerald et al., 2011; Harrison et al., 2009 Harrison et al., , 2012 , children with OCD who were studied were largely unmedicated [Fitzgerald et al., 2011] . Given that antidepressants-the most common medication in the treatment of OCD-can alter functional connectivity [Posner et al., 2013] , it is important to examine CSTC loop connectivity without the potentially confounding influence of medication.
To examine this question, we used rs-fcMRI to examine functional connectivity within CSTC loops in medicationfree adults with OCD versus HCs. We hypothesized that relative to HCs, unmedicated adults with OCD would demonstrate altered CSTC connectivity, particularly in the limbic loop, as previously described in medicated adults with OCD [Fitzgerald et al., 2011; Harrison et al., 2009 Harrison et al., , 2012 . We also explored group differences in connectivity within the sensorimotor or cognitive CTSC loops, and associations of CSTC connectivity with symptom severity in the OCD group.
METHODS
The Institutional Review Board of the New York State Psychiatric Institute (NYSPI) approved the study procedures. Participants provided written, informed consent.
Participants
Twenty-three adults with OCD and 20 healthy adults, aged 19 to 56, were recruited. Participants were free of significant medical problems and current or past neurological disorders. No participants, including those with OCD, were taking psychotropic medications at the time of the r Limbic CSTC Loop Connectivity in OCD r r 2853 r MRI scan. In the OCD group, n 5 22 participants were medication na€ ıve; n 5 11 had prior exposure to psychotropic medication. For OCD participants with prior medication exposure, the mean duration off medication before the MRI scan was 94 weeks (SD 5 64; range: 30-182 weeks).
OCD participants fulfilled DSM-IV criteria for OCD for at least 1 year. HCs had no current or past DSM-IV Axis I disorder. HCs were group-matched to the OCD patients by age, gender, socioeconomic status (SES), and IQ (Table I) .
Diagnoses were made by clinical interview with a psychologist or psychiatrist and confirmed by a trained rater with the Structured Clinical Interview for DSM-IV [Spitzer et al., 1995] . On the day of the MRI scan, OCD and depressive symptoms were assessed by a trained rater using the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) [Goodman et al., 1989a,b] and the Hamilton Rating Scale for Depression (HAM-D, 17-item) [Hamilton, 1960] , respectively.
Imaging Procedures

MRI pulse sequences
Images were acquired at the New York State Psychiatric Institute on a GE Signa 3 T whole-body scanner. Acquisition of T1-weighted sagittal localizing images was followed by a 3D spoiled gradient recall (SPGR) image for coregistration with axial echoplanar images. Axial echoplanar images (TR 5 2,200 msec, TE 5 25 msec, 90 flip angle, single excitation per image, slice thickness 3.5 mm, 24 3 24 cm field of view, 64 3 64 matrix, no skip) were obtained to provide an effective resolution of 3.75 3 3.75 3 3.5 mm and whole-brain coverage. For resting-state image acquisition, participants were instructed to stay still, close their eyes, and let their minds wander freely. Two 5-min resting-state scans were obtained for each participant.
Statistical Analysis
Image preprocessing
We conducted standard image preprocessing using SPM8 (http://www.fil.ion.ucl.ac.uk/spm/) and the conn_toolbox (http://www.nitrc.org/projects/conn) for functional connectivity analysis. The functional images were motion-and slice-time-corrected. The images were then coregistered with a high-resolution anatomical scan, normalized into the Montreal Neurological Institute (MNI) space, and resampled at 2 mm 3 . Finally, the images were smoothed with a Gaussian kernel of 6 mm 3 FWHM [Friston et al., 1995] . Connectivity preprocessing procedures were implemented to reduce the influence of fMRI signal unrelated to neural activity and followed a previously described component-based noise-reduction approach [Behzadi et al., 2007; Chai et al., 2011] . This approach curtails the influence of potential confounds such as head motion, peripheral physiology, and other imaging artifacts (Supporting Information S1). Quantitative measurement of head motion did not differ by group, was minimal in both cases, and did not correlate with OCD symptom severity (our method address head motion Supporting Information S1). Because image acquisition of the cerebellum was incomplete, we excluded it from our analyses.
Seed-based connectivity
Following preprocessing, we correlated the resting-state BOLD time series voxel-by-voxel for each participant across the full length of the resting-time series. Fisher z transformation was applied. We then generated connectivity maps, using as seeds six bilateral regions of interest (ROIs) in the striatum, for a total of 12 seeds. Specifically, we created spherical masks (radius 5 4 mm) for each ROI, centered on the stereotactic coordinates published by Di Martino et al. [2008] (Supporting Information Table I ), and we averaged the fMRI signal across all voxels in each sphere. These 12 striatal seeds were chosen because they have previously been shown to generate connectivity maps of the CSTC loops consistent with the canonical anatomical descriptions of these loops by Alexander et al. [1986] , Di Martino et al. [2008] . A detailed description of the anatomy of the ROIs and their visual presentation is provided in the Supporting Information S2 and Figure S1 .
Hypothesis Testing
Limbic loop
We generated seed-based connectivity maps for each of the striatal ROIs for each participant. We first examined the connectivity maps to confirm that they were anatomically consistent with prior findings from the HC sample studied by Di Martino et al. [2008] . Next, to test our a priori hypothesis that limbic CSTC loop connectivity (based on seed regions in the inferior and superior VS striatum) would differ between OCD patients and HCs, we entered the seed-based connectivity maps into second-level, random-effects factorial models with Group as the single factor with two levels (OCD and HCs). Given our hypothesis regarding CSTC loop connectivity and following standard imaging procedures [Guyer et al., 2008 , Posner et al., 2013 , we anatomically restricted these group comparisons to the limbic CSTC loop by masking the second-level analyses with the mean connectivity map (based on the entire study sample) generated from the respective seed region.
Corrections for multiple statistical comparisons used the following criteria For any cluster to be considered statistically significant, the cluster had to contain at least 25 neighboring voxels, with each voxel in the cluster meeting an alpha of < 0.001. Using Monte Carlo simulations conducted with AlphaSim [Ward, 2000] , we calculated that this dual requirement (i.e., cluster size 25 voxels and alpha 0.001) yields a corrected alpha of < 0.05. This correction includes the statistical tests necessary to examine the ROIs we used in our seed-based connectivity analyses. The combined application of a voxel level statistical threshold and cluster filter minimizes the false-positive identification of regions at any given threshold [Forman et al., 1995] because clustering can distinguish between true connectivity between regions, and noise that has less tendency to cluster.
Exploratory Analyses
Cognitive and sensorimotor loops
Following the same methods that we used for our a priori hypothesis testing, we examine connectivity within the cognitive loop (based on seeds in the dorsal caudate and ventral rostral putamen) and sensorimotor loop (based on seeds in the dorsal caudal putamen and the dorsal rostral putamen). This seed based approach to identifying these loops has been demonstrated elsewhere [Di Martino et al., 2008] .
Symptom severity
We examined associations of CSTC loop connectivity with symptom severity in the OCD participants. We limited this analysis to the connections found to be atypical in OCD in our a priori hypothesis testing. We used the same striatal seed regions that we used in our a prior hypothesis testing and calculated Pearson's correlations between OCD symptom severity (as determined by the Y-BOCS summary score) and functional connection strength.
RESULTS
Hypothesis Testing
Limbic loop
In both OCD and HC subjects, the seed-based connectivity maps generated from the inferior and superior VS showed connectivity with regions within the limbic CSTC loop including the medial OFC (BA 11), subgenual cingulate (BA 25), ventral ACC (BA 24/32), and the parahippocampal gyrus ( Fig. 1 and Supporting Information Fig.  S2a,b) . In the OCD compared with the HC participants, there was significantly reduced connectivity of the left inferior VS with the left ACC (BA24/32, Fig. 1 ; Table II ).
Reduced connectivity with the left medial OFC (BA 11) was detected at a slightly higher statistical threshold (P 5 0.002). Compared with HCs, OCD participants also showed significantly reduced connectivity between the left superior VS and the body of the left caudate nucleus r Limbic CSTC Loop Connectivity in OCD r r 2855 r (Supporting Information Fig. S2b ; Table II ). We detected no statistically significant group differences when using the right inferior or right superior VS as the seed region.
Exploratory Analyses
Cognitive CSTC loop
In both OCD and HC subjects, the seed maps generated from the dorsal caudate and ventral rostral putamen showed connectivity with regions within the cognitive CSTC loop including the dorsolateral and anterior prefrontal cortices (BA 47/10), frontal eye fields (BA 8), the inferior parietal lobule (BA 3), supramarginal gyrus (BA 40), and dorsal ACC (BA 24) (Supporting Information Figs. S3a and S3b). Compared with HCs, OCD subjects demonstrated increased connectivity of the right dorsal caudate with the anterior prefrontal cortex (BA 10) and with the inferior parietal lobule (BA 39) (Supporting Information Fig. S3a ; Table II) . No significant between-group differences were detected with seeds in the left dorsal caudate or the ventral rostral putamen bilaterally.
Sensorimotor CSTC loop
In both OCD and HC subjects, seed maps generated from the dorsal caudal putamen and the dorsal rostral putamen showed connectivity with regions within the sensorimotor CSTC loop including the supplementary motor area (BA 6), primary motor cortex (BA 4), and midcingulate motor areas (BA 24) (Supporting Information Figs. S4a and S4b). Compared with HCs, participants with OCD demonstrated reduced connectivity between the left dorsal caudal putamen and left supplementary motor area (BA 6) (Supporting Information Fig. S4a ; Table II) . No significant between-group differences were detected with seeds in either the left or right dorsal rostral putamen or the right dorsal caudal putamen.
Correlations with Symptom Severity
Within the limbic loop, the connection strength between the left inferior VS and the left ACC (BA 32) correlated inversely with symptom severity (r 5 20.51; P 5 0.007). There was also a trend for an inverse association of OCD symptom severity with the connection strength between the left inferior VS and left medial OFC (r 5 20.33; P 5 0.06).
To further explore associations of OCD symptom severity with functional connectivity between (a) the left inferior VS and the left ACC (BA 32) and between (b) the left inferior VS and left medial OFC (BA11), we replaced the left inferior VS seed with seeds from the left ACC (BA 32) and left medial OFC (BA 11). Our goal was to test whether the correlations with symptom severity that we detected using the inferior VS seed could be replicated using ACC and OFC seeds, thus minimizing the possibility that the detected brain-behavior correlations were dependent on Using the ACC seed, the correlation of ACC/inferior VS connection strength with symptom severity was not significant (r 5 0.23, P 5 0.1). Using the medial OFC seed, we detected an inverse correlation of the connection strength between the left OFC and a large cluster (300 voxels) spanning the VS bilaterally with symptom severity (x, y, z 5 8, 0, 28; r 5 20.70; P 0.001; Fig. 2) . Symptoms of depression, generalized anxiety, and head motion did not correlate with altered limbic loop connectivity, nor did we detect associations with altered connecitivity in the cognitive and sensorimotor loops.
Sensitivity analyses
First, to rule out the possibility that our findings were the result of unknown imaging artifacts, we conducted a sensitivity analysis by analyzing connectivity maps derived from a seed region in the primary visual cortex. We created this seed by averaging the fMRI signal across all voxels in visual cortex (BA17). We found no group differences in this sensitivity analysis (Supporting Information S4 and Fig. S5 ). Second, because of its proximity to the frontal and maxillary sinuses, the OFC can incur signal dropout during echoplanar imaging. Our tests revealed no significant group differences in the OFC's mean fMRI signal intensity; we therefore concluded that susceptibility artifacts were unlikely to confound the study results (Supporting Information S5). Third, some patients (n 5 6) with OCD had current and/or prior comorbid Axis I disorders (Table I) . Excluding these subjects from our analyses of our a priori hypothesis did not meaningfully impact our findings. Fourth, even though all patients had been free from psychotropic medications for at least 30 weeks at the time of scanning, some patients (n 5 11) had prior exposure to these medications. Covarying for prior exposure to psychotropic medications also did not meaningfully impact our findings. 
DISCUSSION
We used rs-fcMRI to examine functional connectivity within CSTC loops in unmedicated OCD compared with HC participants. Consistent with our hypothesis, connectivity within the limbic CSTC loop was altered in OCD. Compared with HCs, unmedicated OCD participants had reduced connectivity within this loop. Moreover, decreased connectivity within the limbic loop was associated with more severe OCD symptoms in the OCD group. We also found that unmedicated OCD participants had reduced connectivity within the sensorimotor and increased connectivity within the cognitive CSTC loops.
Consistent with prior findings of both functional [Saxena and Rauch, 2000] and structural [Atmaca et al., 2007a,b] abnormalities within regions comprising the limbic CSTC loop in OCD, we detected reduced functional connectivity within this loop, specifically between the VS and the ACC (at our a priori threshold of cluster size 25 voxels and alpha 0.001), with a trend (P 5 0.002) toward reduced connectivity between the VS and the medial OFC. Although prior rs-fcMRI studies of patients with OCD have reported hyperconnectivity in the limbic CSTC loop [Harrison et al., 2009 [Harrison et al., , 2012 , we found that connectivity within this loop was reduced. A potential explanation for this discrepancy in findings is that our sample, unlike those from all but one prior rs-fcMRI study of OCD [Beucke et al., in press] , was unmedicated at the time of scanning. The only study that has examined rs-fcMRI in an unmedicated sample compared medicated and unmedicated OCD participants to HCs (Beucke et al., in press ). The study reported that unmedicated OCD participants had increased distant OFC connectivity (distant connectivity is a graph theory metric defined as the degree of connectivity of the OFC to all other brain regions > 12 mm distal to the OFC). Although we also examined rs-fcMRI in unmedicated OCD participants, our findings differed (i.e., we found reduced connectivity between the OFC and VS in OCD.) It is important to note that there were critical differences in the methods (i.e., graph theory versus seed based) as well as the study samples. In our sample, 17 of 23 OCD participants had no comorbid disorder, whereas only 5 of 23 OCD participants in the Beucke et al. study were free of comorbid disorders. Likewise, 11 of 23 OCD participants in our study were medication na€ ıve and the remaining were off medication for on average 94 weeks (SD 5 64), whereas the unmedicated patients in the Beucke et al. study were off of medications "for at least 6 weeks." This raises important questions not only about the best methods for establishing functional connectivity but also about the impact of comorbid conditions and recent medication exposure on connectivity findings.
We have previously demonstrated that pharmacotherapy with antidepressants can reverse baseline abnormalities in functional connectivity in the default mode network [Posner et al., 2013] , and another study demonstrated that antidepressants can increase connectivity in the limbic CSTC loop [Heller et al., 2013] . Moreover, previous findings indicate that relative to age-matched controls, children with OCD have corticostriatal hypoconnectivity [Fitzgerald et al., 2011] . This pediatric sample consisted of mostly unmedicated patients and is thus consistent with our finding of corticostriatal hypoconnectivity in unmedicated adults with OCD. A follow-up, prospective study could directly test whether pharmacological interventions in OCD alter limbic CSTC loop connectivity, and more importantly, examine whether this change in connectivity affects the course of the illness.
Hypoconnectivity within the limbic CSTC loop was associated with OCD symptom severity, albeit the strength of relationship varied with seed selection. Specifically, reduced connectivity between the VS and ACC was associated with more severe OCD symptoms, but only when we used the VS as the seed region. Moreover, reduced connectivity between the VS and medial OFC was also associated with more severe OCD symptoms, although this association was stronger when we used left medial OFC rather than the VS as the seed region. Other studies have also found that the selection of seed regions can influence the findings from rs-fcMRI [Fox and Greicius, 2010] .
In addition to reduced connectivity within the limbic CSTC loop, participants with OCD had hypoconnectivity in the sensorimotor CSTC loop (i.e., between the left dorsal caudal putamen and the left supplementary motor area). A previous rs-fcMRI study of medicated OCD subjects reported reduced connectivity in the sensorimotor CSTC loop in OCD subjects (i.e., between the dorsal putamen and the inferior prefrontal cortex, a region that extends into supplementary motor area), suggesting that medications may not alter the connectivity of this loop [Harrison et al., 2009] . Altered connectivity in sensorimotor loops is consistent with findings from behavioral studies suggesting that OCD is associated with abnormal sensorimotor gating, evidenced by deficits in prepulse inhibition [Ahmari et al., 2012; Swerdlow et al., 1993] . Abnormal functioning of the sensorimotor CSTC loop may, in part, contribute to the repetitive behaviors associated with OCD and indeed, repetitive transcranial magnetic stimulation to this loop (particularly to the supplementary motor area) has been shown to reduce compulsive behaviors [Mantovani et al., 2006] .
In contrast to the hypoconnectivity detected in the limbic and sensorimotor CSTC loops, we detected hyperconnectivity within the cognitive CSTC loop (i.e., between the right dorsal caudate and the inferior parietal lobule), as well as hyperconnectivity between the dorsal caudate and a limbic-associated region, the anterior prefrontal cortex. Analogous findings were previously reported in a sample of 60 participants with OCD, ranging from 8 to 50 years of age [Fitzgerald et al., 2011] , with most of the participants on medication and using the same stereotactic coordinates for the right dorsal caudal seed region that we used in this study. Together, these findings suggest that antidepressants may not contribute to altered connectivity within the r Posner et al. r r 2858 r sensorimotor and cognitive CSTC loops, and may have more specific effects on connectivity within the limbic loop. We further speculate that hyperconnectivity between the cognitive CSTC loop and a limbic-associated region (i.e., the anterior prefrontal cortex) may compensate for, and potentially suppress, maladaptive affective cues arising from the limbic CSTC loop. This interpretation is consistent with findings from non-human primate research suggesting that cues from the limbic CSTC loop are propagated along the ventromedial-dorsolateral axis from limbic to cognitive CSTC loops [Haber, 2003] .
Several study limitations are worth noting. First, some OCD patients had comordid Axis I psychiatric disorders, including a history of major depressive disorder (n5 5, Table I )-a disorder previously found to involve altered functional connectivity within limbic CSTC loops [Frodl et al., 2010; Seminowicz et al., 2004] . However, removing the OCD participants with current or prior comorbidities did not affect the findings from our hypothesis testing. Second, functional connectivity indirectly assesses neural connections by demonstrating a temporal coherence between two brain regions, but functional connections do not necessarily indicate that two brain regions are anatomically connected. Investigators have tried to bridge this divide by combining functional connectivity with tractography from diffusion imaging [Greicius et al., 2009; Herting et al., 2011] , thereby assessing both functional and structural connectivity. A follow-up study using diffusion imaging could determine whether altered structural connectivity is present in unmedicated patients with OCD within the same CSTC loops in which we found altered functional connectivity. Third, seed-based rs-fcMRI studies are potentially influenced by seed selection [Fox and Greicius, 2010] . We attempted to minimize any potential bias in seed selection by using previously defined striatal regions [Di Martino et al., 2008] . Follow-up studies could further limit the impact of seed selection by combining task-based fMRI and rs-fcMRI. For example, rather than anatomically defining the VS based on a priori stereotactic coordinates (as we did in this study), future research could define this region based on findings from a rewardprocessing fMRI task, such as the Monetary Incentive Delay task [Knutson et al., 2000] , that reliably engages the VS in healthy individuals. Task-related activations could then be used to define, on a subject-by-subject basis, the anatomy of the VS. Fourth, 11 of 23 (48%) participants in our OCD sample had prior exposure to psychotropics (Table I) . Our sensitivity analyses demonstrated that covarying for prior medication exposure did not have a substantial effect on our findings. Nevertheless, full elimination of the potentially confounding effects of prior medication would require inclusion of a 100% medication na€ ıve sample. Finally, although ours is the largest unmedicated sample of OCD participants to be studied with rsfcMRI to date, our findings warrant replication in a larger sample.
CONCLUSION
We demonstrated that relative to HCs, unmedicated participants with OCD have altered functional connectivity in specific CSTC loops, and reduced connectivity in the limbic CSTC loops was associated with more severe OCD symptoms. Future studies might examine the effects of pharmacological or behavioral treatments on limbic CSTC loop connectivity to explore whether baseline connectivity within this loop can predict treatment response and whether successful treatment leads to increased connectivity. If so, enhancing connectivity in the limbic CSTC loops could be a potential new treatment target for OCD.
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